INTRODUCTION {#sec1-1}
============

Breast cancer remains the most common malignancy affecting women in developed countries.\[[@ref1]\] A major advance in the treatment of breast cancer was the discovery that tamoxifen, a selective estrogen receptor (ER) modulator reduces the risk of recurrence and death as well as providing effective palliation for patients with metastatic disease.\[[@ref1]\] Tamoxifen also has a role in the primary prevention of breast cancer in high risk populations.\[[@ref2]--[@ref4]\]

While it is clear that there is a survival benefit from administering tamoxifen to women with breast cancers that express the estrogen receptor (ER positive breast cancers), not all breast cancers express these receptors. Swain\[[@ref5]\] summarized available data on the utility of tamoxifen in ER negative breast cancers and concluded that there was no survival benefit to the administration of tamoxifen to women with ER-negative breast cancer. In fact, administration of tamoxifen to women with ER-negative breast cancers appears to increase overall mortality as the use of tamoxifen has been associated with an increased risk of venous thromboembolism (including stroke and pulmonary embolus), gastrointestinal cancers, endometrial cancer, and fatal myocardial infarction.\[[@ref6]--[@ref8]\] The current recommendation, therefore, is that women with ER-positive breast cancers of any size should receive tamoxifen but women with ER-negative tumors should not.\[[@ref9]\]

A major practical problem, however, with the use of tamoxifen has been the accurate determination of ER status given the reported high false negative rates of ER receptor testing. For example, over the past decade, a number of laboratories in the United States, Europe, and Canada have reported false negative rates of 15-40%.\[[@ref5][@ref10]\] Compounding this false negative rate is the fact that some laboratories have traditionally counted cases with 10-20% of ER-positive cells as negative,\[[@ref1][@ref5]\] despite the fact that cases with 1-10% positive cells can still show benefit from tamoxifen.\[[@ref11]\]

Intuitively, we might expect that if tamoxifen reduces the overall mortality rate in ER-positive tumors, but increases the mortality rate in ER-negative tumors (because of an increased risk of other adverse events), then in the presence of a high false negative rate in ER testing (meaning that many women were improperly denied tamoxifen treatment), there may be a false negative ER testing rate above which the treatment emergent adverse events cause fewer deaths than the reduction in recurrent or new cancers afforded by treating women with ER-negative cancers (some of which will be false negatives). In other words, there may be a false negative ER test rate above which it is more efficacious to treat everyone regardless of ER test status.

I approached this problem by modeling different practice recommendations using published information. Specifically, I used literature-derived data from clinical trials to model the overall mean expected survival of different hypothetical cohorts of women with early breast cancer. These hypothetical populations varied in their true ER-positive rate, in their false negative ER test rate, and finally in their treatment regime (treat only ER test positive cases with tamoxifen, or treat all individuals with tamoxifen regardless of ER test status). Another variable (node positive rate) was held constant in the model. Ten-year survival rates for each of the groups within the hypothetical cohorts were obtained from literature values, and the overall mean 10-year survival rate for each hypothetical cohort was calculated.

METHODS {#sec1-2}
=======

I constructed a dynamic mathematical model to estimate the overall 10-year mortality in a hypothetical cohort of women with early breast cancer. The inputs to the model were population breast cancer true ER positive rate, false negative ER rest rate, breast cancer lymph node positive rate, and the associated 10-year survival rates for each of these groups treated and not treated with tamoxifen for at least 2 years. Parameterization for the model was obtained from the Early Breast Cancer Trialists′ Collaborative Group\'s 1998 review of 55 tamoxifen randomized trials \[[Table 1](#T1){ref-type="table"}\].\[[@ref12]\] For ER-positive rates, I considered the clinically feasible range of 0.60-1.00. For false negative ER test rates, I considered the clinically feasible range of 0.00-0.30. I modeled two different scenarios: the first was if only breast cancer patients with an ER-positive test result were treated with tamoxifen. The second scenario was if all patients were treated with tamoxifen regardless of ER test results.

###### 

Parameters used in the model. All estimates of 10-year survival were taken from the early breast cancer trialists' collaborative group (12)
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The calculations were performed by constructing an excel spreadsheet to input the mortality rates associated with each of the cohort groups. A visual basic program then used these values to calculate estimated 10-year survival rates for each of the combinations of true ER rates and false negative test rates for each of the two treatment scenarios \[[Table 2](#T2){ref-type="table"}\]. The output of these simulations was then graphically represented using SPSS Version 15.0 for Windows.

###### 

Equations used in the model
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RESULTS {#sec1-3}
=======

The model predicted that in the scenario where only individuals with ER-positive test results were treated, the greatest overall survival was seen in populations with a high overall ER-positive rate and a low false negative rate (survival rates shown in green in [Figure 1](#F1){ref-type="fig"}). For the scenario where all individuals were treated regardless of ER test result, the false negative test rate was irrelevant and there was much less variation in the overall survival rate in different hypothetical populations. As [Figure 1](#F1){ref-type="fig"} shows, there was a range of true ER positive rates and false negative test rates where the greatest overall survival benefit was obtained by treating everyone with tamoxifen instead of only treating patients with ER-positive test results. In general, an overall survival advantage was seen in scenarios with lower false negative error rates and higher true ER-positive rates. For true ER positivity rates of 80-90% the tipping point where treating all patients and forgoing testing resulted in the longest mean survival occurred at a false negative rate of 20-30% \[[Figure 1](#F1){ref-type="fig"}\].

![Model of 10-year survival given varying estrogen receptor true positive rates (the clinically plausible range of 60-100%) and varying estrogen receptor false negative testing rates (the clinically plausible range of 0-30%). The green area indicates the predicted 10-year survival for the scenario where only patients with a positive estrogen receptor result are treated with tamoxifen. The blue area indicates the predicted 10-year survival for the scenario all patients are treated with tamoxifen regardless of their estrogen receptor status. Populations in region "a" had the highest overall survival rate if only ER patients were treated with tamoxifen; region "b" populations had a higher overall survival rate if every patient was treated with tamoxifen regardless of ER status](JPI-3-19-g003){#F1}

CONCLUSIONS {#sec1-4}
===========

In this paper I presented a model which demonstrates the potential effect of diagnostic error in ER testing of breast cancer cases. In cohorts with high false negative test rates, the effect of this error could potentially be such that greater overall survival may have been achieved by not testing breast cancers for ER status at all and instead treating all patients with tamoxifen regardless of the ER test results of their tumor.

The first and most important criticism of this model is that the predictions are only as good as the survival data used as inputs. Although the survival data were obtained from a meta-analysis of many randomized controlled trials, these trials are now as much as several decades old. In particular, the data used to estimate survival of ER-negative patients treated with tamoxifen were based on a relatively small number of patients which met this criterion from the randomized controlled trials. Even when considering the treatment groups with more robust numbers of participants such as ER-positive patients treated with tamoxifen, the true utility of tamoxifen was likely underestimated because up to 20% of women prescribed tamoxifen in the early trials either did not take it or stopped it prematurely.\[[@ref12]\] The value of this analysis may also be limited in the future by the fact that a newer class of drugs, the Aromatase inhibitors, are replacing tamoxifen as first line treatment agents for early breast cancer.\[[@ref13][@ref14]\]

It could also be argued that the high false negative error rates for ER testing that I considered for this model were the product of a bygone era and that error rates this high would not be tolerated in modern laboratories. I suspect that for the most part this is true; however it should be noted that the 40% false negative ER testing rate reported from Newfoundland is less than 6 years old. Nevertheless it should be noted that in regions of the world where rigorous quality assurance may not yet be the norm, there may exist a range of true ER positive and false negative test rates where the greatest 10-year survival of breast cancer patients would be obtained by treating all patients with early breast cancer with tamoxifen and forgoing ER testing until an acceptably low false negative testing rate can be assured.

It is hoped that the model presented here will provide an example of the potential importance of diagnostic error in the pathology laboratory as well as providing an example of how the effect of that error could be modeled using real-world data from clinical trials.
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